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OPEN ARCHITECTURE MODULARITY FOR IRRIGATION CONTROLLERS 
CROSS REFERENCE TO A RELATED APPLICATION 

5 

This application claims the benefit of U.S. Provisional Application No. 
60/418,894, filed on October 15, 2002, entitled "Open Architecture Modularity for 
Irrigation Controllers." 

10 FIELD OF INVENTION 

This invention relates to an Irrigation controller for controlling the operation 
of an irrigation system. More particularly, this invention relates to a new and 
improved modular irrigation controller having a removable and programmable 
15 control panel, and modules that can be added to expand and increase 
functionality of the controller. 

BACKGROUND OF THE INVENTION 

20 Modular irrigation controllers having optional modules that can be added to 

the base unit to increase the number of irrigation stations operated by the 
controller have been in use in the field of irrigation control for some time. For 
example, US Patent 5,956,248 (William et al.) provides an irrigation controller 
having a housing that encloses a microprocessor that stores and executes 

25 watering programs, and includes station modules that can be added to the output 
bus of the base unit to increase the number of irrigation stations controlled. 
However, all of the logic for controlling the irrigation stations through the modules 
is contained inside a non-removable housing. US Patent 5,262,936 (Faris et al.) 
provides a controller wherein a base unit includes driver and switch means for 

30 actuating a predetermined minimum number of irrigation stations. Station 

expansion modules having drivers and output switches can be added to the base 
unit for increasing the number of irrigation stations controlled by the controller. 
Both of these patents, however, involve 'dumb* modules in the sense that the 
module serves only as a conduit extension of the logic inside the controller acting 
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only as drivers (a typical diode, resistor and triac configuration) for conveying the 
commands from the base unit. 

However, even with optional modules, a typical irrigation controller is only 
good for executing the watering commands for which the original architectural 
design of the base unit was made. To further improve capabilities/features, a 
user would still need to buy a different base unit controller. Additionally, control 
panels found on prior art base unit controllers are typically contained permanently 
within base unit, are non-removable, and can only be programmed on-site. 

There exists, therefore, a need for an improved irrigation controller with a 
flexible and expandable architecture base unit having a modular design that will 
provide enough flexibility for further additions to an irrigation system, not only to 
include additional output stations, but also to upgrade to new features and 
capabilities. 

BRIEF SUMMARY OF THE INVENTION 

The present invention answers this need in the art by providing a novel and 
improved unit with flexible and expandable capabilities for controlling the 
operation of an irrigation system. In accordance with the invention, an irrigation 
controller includes a base unit with a removable and programmable control panel 
and backplane circuitry for communicating with a plurality of removable modules 
capable of performing a variety of irrigation and non-irrigation functions. The 
control panel is removable from the base unit to permit the controller to be 
programmed at a remote location by the user. A base module having irrigation 
station drivers is mated with the backplane circuitry and communicates with the 
base unit to carry out basic irrigation functions. A plurality of expansion modules 
and one or more smart modules, each having its own logic circuit, can be mated 
with the backplane circuitry to communicate with the base unit. The base unit, per 
se, does not have sufficient functionality to carry out any of the required irrigation 
functions, but rather requires the addition of the base module to carry out the 
watering schedule. 
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The addition of Expansion modules can be used to expand the number of 
output stations and increase functionality. Expansion modules receive 
commands from the control panel to activate or deactivate irrigation station 
outputs. These expansion modules contain an internal processor so that they 
may make autonomous decisions. The control panel is normally refreshing the 
expansion modules on a repetitive basis with commands to indicate which 
irrigation stations should be active or inactive at the present time. If a failure was 
occur to any circuitry outside of the expansion module, the expansion module 
might potentially leave an irrigation station on indefinitely, causing a massive 
waste of water and most likely landscape damage. The expansion modules, 
through their internal microprocessor, detect the lack of refresh data from the 
control panel, interpret this as a failure mode and deactivate all irrigation stations 
attached to this module. 

Additionally, smart modules can be added to the base unit to extend the 
functionality of the overall controller. These smart modules are capable of 
processing data independently of the control panel and making independent 
control decisions. In addition, smart modules are capable of communicating with 
the control panel, passing information back and forth, and making a joint decision 
on how to control an irrigation station. Smart modules are empowered by the use 
of a local microprocessor inside the module, bi-directional communication with the 
control panel, and the ability to share data between the control panel and the 
smart module through this bi-directional communication. 

The processor inside the smart module contains a plurality of specific 
irrigation control algorithms that may not be available in the control panel. By 
installing a smart module in the base unit, the control panel and smart module 
can inter-communicate to achieve a plurality of irrigation control functions not 
available in either the base unit or the smart module independently. 

Irrigation controllers typically store several programs that are used to 
describe the irrigation functions to be performed on a repetitive basis. Typically 
these programs are repeated every day, every week, or every two weeks. This 
invention further contains a duplicate set of programs, that can be stored in the 
controllers non-volatile memory. The invention also has a method to recall this 
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duplicate set of programs thus replacing the current programs. This allows the 
user to effectively store two complete sets of programs, whereby the secondary 
one can be recalled by the user at which time it becomes the active set of 
programs. 

This invention will be better understood in the light of the following Detailed 
Description taken together with the accompanying drawings, which illustrate, by 
way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the presently preferred embodiment 
of the invention. In such drawings: 

FIG. 1 is a perspective view of an enclosed housing or cabinet within which 
the new and improved irrigation controller according to the present invention is 
contained; 

FIG. 2 is a perspective view of the irrigation controller housing of Fig. 1, 
showing the housing door in an open position to reveal the control panel of the 
controller base unit; 

FIG. 3 is a perspective view of the irrigation controller housing of Fig. 1 
showing the base unit control panel in an open position and showing a base 
module and an expansion module mounted within the housing; 

FIG. 4 is an expanded perspective view somewhat similar to Fig. 3, but 
showing the base module and the expansion module removed from the housing 
and having one additional expansion module and a smart module installed 
therein, and showing the control panel detached from the housing; 

FIG. 5 is a front plan view of the controller housing with the door open and 
the with the base module locked in and two expansion modules and the Smart 
module placed on the insertion rail guides and with a portion of the backplane 
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cover cut away to show the bay and the backplane circuitry underneath the 
backplane cover; 

FIG. 5A is a fragmentary sectional view taken substantially along the line A 
5 -A of FIG. 5; 

FIG. 6 is a front view of the open controller with the control panel opened 
to 180 degrees showing its back and revealing the interior of the base unit with all 
modules removed and with a portion of the backplane cover cut away to show the 
10 backplane circuit board underneath the backplane cover; 

FIG. 7 is an enlarged plan view of the base module; 

FIG. 8 is a perspective view, partially in cut-away section, of the expansion 
15 module, and showing the locking lever and the terminal blocks, and having a 

portion of the expansion module cut away to show the finger contacts connector; 

FIG. 9 is an enlarged plan view of the smart module; 

20 FIG. 10 is an exploded perspective view of a module, herein an expansion 

module, showing the module basic component parts; 

FIG. 1 1 is a block diagram of the irrigation controller of the invention; 

25 FIG. 12 is a schematic diagram of the base module circuit; 

FIG. 13 is a schematic diagram of the expansion module circuit; 

FIG. 14 is a schematic diagram of one form of the smart module circuit; 

30 

FIG. 15 is a block diagram representation of the expansion module 
indicating the configuration of the pins; 
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FIG. 16 is a block diagram representation of the smart module indicating 
the configuration of the pins; 

FIG. 17 is a schematic diagram of the backplane circuit board circuit; and 
FIG. 18 is a schematic diagram of the control panel circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

The preferred embodiment of the invention, generally designated at 10, is 
illustrated in FIG. 1. As shown, the expandable architecture modular irrigation 
controller 10 is installed in a water-resistant controller housing or cabinet 12 
having a generally box-shaped appearance with a front cover door 16 and a rear 
main cabinet portion 14, the front cover door being attached to the rear cabinet 
portion by a hinge 62 that permits the front cover door to be opened for access to 
the inside of the rear cabinet, as best seen in FIG. 2. When the unit is installed 
on site, typically on a wall or the like through a key hole mount 13, power wires 18 
and valve control wires (not shown here) run though wiring access holes 17 in the 
bottom of the controller housing 12, as seen in FIG 3. The new and improved 
irrigation controller 10 having an expandable architecture modular design allows 
for easy and economical expansion of the controller capabilities not found in other 
controllers. 

The controller housing 12, preferably formed of plastic or other suitable 
material, is designed to withstand various environmental conditions, and houses a 
base unit 24, a base module 21, expansion modules 22 and smart modules 26. 
To releasably retain the cabinet door 16 in the closed position, the door edge 
opposite the hinge 62 includes a laterally inwardly projecting lip 66 that releasably 
mates with an opening 70 formed in a tab 68 projecting forwardly from the front 
edge of the rear cabinet portion 14. Upon release of the lip 66 from the opening 
70, the cabinet door 16 pivotally swings open about the hinge 62 to reveal a 
removable and programmable control panel 20 that includes a user interface to 
enter and maintain an irrigation schedule. The cabinet door 16 contains a window 
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72 to which is mounted a light pipe 47. The light pipe 47 is positioned on the 
cabinet door 16 to provide direct viewing of a light emitting diode (led) alarm 
indicator 46 when the cabinet door 16 is closed. 

5 The base unit 24 carries out basic irrigation functions and also performs 

other advanced functions, and comprises the control panel 20 that is removably 
attached to the front of the rear cabinet portion 14, and a back plane circuit board 
51 (see fig's. 3 and 5) permanently housed in the rear cabinet portion and having 
circuitry for connection to the base module 21, expansion modules 22 and smart 

10 modules 26. The control panel 20 is pivotally coupled to the rear cabinet 14 and 
swings open to provide access to the interior within which various electronic 
components, including the backplane circuit board 51 are located. Terminal 
blocks on the back plane circuit board 51, designated 31a - 31 e in fig. 6, provide 
an interface to the power supply line 18, an earth ground line and various sensor 

15 input lines (not shown here). 

It is an object of the present invention to have an easy and intuitive user 
interface to enter and modify a plurality of irrigation schedules for an irrigation 
system. As seen in FIG. 2, the front surface of the control panel 20 includes 

20 various operational controls and indicators 29 that assist a user in interfacing with 
and programming the controller and the irrigation system. In this instance, a 
liquid crystal display (LCD) 36 provides a visual output of information to the user 
such as when operating the programming functions, among other tasks. An LED 
Alarm Indicator 46 seen in FIG. 2 illuminates when a faulty condition is detected, 

25 for example, at a station output in a standard expansion module 22, or a 

programming error in the control panel microcontroller 20c. Illumination of the 
LCD is visible through the window 72 in the cabinet door 16 when it is closed. 

With reference to FIG's. 1 1 and 18, the control panel 20 has circuitry 20b 
30 (shown in FIG. 18) that includes a control panel microcontroller 20c that 

communicates with the backplane circuitry 51 to activate the irrigation functions 
as defined in an irrigation program as well as other functions as may be contained 
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in the smart modules 26. The microcontroller 20c sends commands via the back 
plane circuitry 51 to the base module 21 and/or the expansion modules 22 to 
activate irrigation valves according to a pre-programmed schedule or via a 
manually initiated irrigation cycle. In the presently preferred embodiment, the 
microcontroller 20c of the control panel circuitry 20b employs a TMP87CM20F 
microcontroller manufactured by Toshiba, and is powered by a 5 VDC power 
supply. A non-volatile memory backup (EEPROM) 44 maintains the watering 
schedule upon line power outages. 

As best seen in FIG. 17, the back plane circuitry 51 herein includes 13 
active input stations (station 12 is not active) that communicate with the 
microcontroller 20c of the control panel 20. In this instance, the stations include 
four station inputs for actuating valves, a master valve station, a rain sensor 
station, a ground line station, four communications stations, an AC-com station, 
and an AC-fuse station. The information conveyed from the control panel 20 to 
the back plane circuitry 51 is then distributed to individual output bays 19 (see 
FIG. 5) into which one or more irrigation function control modules 21, 22, and 26 
have been inserted. As shown in FIG. 17, the base plane circuitry 51 includes an 
output connection, "module 0", that communicates information to the base module 
21; two output connections, "module 1" and "module 2", for bays 19 that can 
receive expansion modules 22; and an output connection for a smart module 26, 
"module 3." As will become more apparent hereinafter, not only can an 
expansion module 22 be used in place of a smart module 26 in the station 
designated "module 3," but expansion modules can be used in any of the bays 
19, with the sole exception of "module 0" which is reserved for the base module 
21. 

The control panel 20 can be removed from the controller 10, as seen in 
FIG. 4, for remote stand-alone programming by the user. In this connection, the 
control panel 20 is pivotally attached to the front edge of the rear housing portion 
14 through a pair of hinge pins 32 that are releasably received in holes 74 formed 
in tabs 76 projecting forwardly from the rear housing portion. The tabs 76 are 



40990-RB 
Utility Application 



sufficiently flexible to permit the pins to be released for removal of the control 
panel 20, but are sufficiently rigid to retain and support the control panel on the 
rear housing. 

5 A detachable ribbon cable 28 removably connects the control panel 20 to 

the backplane circuitry 51 so as to permit the control panel 20 to be completely 
removed from the base unit 24. To provide power so that the control panel 20 
can be removed and programmed independent of an outside power source, a 
battery (not shown) is provided in a recess 34 in the control panel 20. This further 

10 provides additional flexibility in that, for example, a damaged control panel can 
quickly be changed and replaced with a new control panel without the need to 
replace the entire base unit 24. This feature also lets the user enter program 
information before installing the controller at a job site. In this instance, the 
battery is retained by a cantilever-type spring biasing element 35 that frictionally 

15 presses against the side of the battery to hold it in position. The battery is easily 
removed via a finger access hole 35b located in the spring biasing element 35 
which allows the user to simply insert a finger, pull up on the spring element 
slightly to release the frictional contact, and remove the battery from the recess 
34 shown in FIG. 4. The spring biasing element 35 allows the battery to be 

20 retained and/or replaced without the use of any tools, such as screws, and retains 
the battery without additional parts, such as a latch or a swinging door. This 
results in less cost for manufacturing due to lack of additional parts (screws, 
doors, etc.). this also results in an easy, single-handed removal and insertion of 
the battery. 

25 

A reset button 25 is located at the back of the control panel 20 as seen in 
FIG. 5. The reset button 25 serves to restart the control panel microcontroller 20c 
from a potential lock-up condition possibly caused by electrical disturbances. A 
"remote" connector 39, also indicated in FIG. 5, provides the means to connect a 
30 wireless receiver to the irrigation controller 10, and a wire retention channel 39b is 
provided to direct and restrain the remote connection cables (not shown). An 
authorized person equipped with the wireless control has now the means to 
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manually activate irrigation valves, modify the irrigation schedule or the behavior 
of any additional tasks the irrigation controller is capable of performing. 

The base unit 24 relies on the insertion of the base module 21 to be 
5 capable of activating any irrigation stations. The base unit 24 does not have 

sufficient capability by itself to control an irrigation station, as there are no driver 
or output switches for irrigation stations within the base unit 24. Instead, drivers 
and switching means are located in the base module 21 and the expansion 
modules 22. It is an object of the present invention to achieve flexibility and cost 

10 savings. For example, a damaged component such as a microcontroller or 

station switch in a prior art base unit would require that the entire base unit be 
replaced. In the present invention, a damaged component in the base module 
21 , the expansion module 22 or the smart module 26 requires only that the 
damaged module be swapped out and replaced on-site by a new module in much 

15 less time than is needed to install a new base unit and at significant cost savings. 
The expandable architecture allows the user to choose from a variety of 
expansion modules 22 that can include standard irrigation modules for carrying 
out watering schedules or smart modules 26 for carrying out additional functions. 

20 Moreover, as shown in FIGS. 7-10, each module 21, 22, and 26 is 

relatively simple in construction and incorporates similar basic components. As 
seen in FIG. 10 which depicts the structure of an expansion module 22, but 
which is also representative of the structures of each of the base and smart 
modules 21 and 26, the module includes a housing 80 comprising a lower portion 

25 82 and an upper portion 84 which mate together to encase and protect the 

module circuit board 86, and herein are held together by a screw 88. Rotatably 
attached to the top of the upper module housing 84 is a rotary locking lever 52 
that function to securely hold and retain the module in position when installed into 
the controller 10. The locking lever 52 has a downwardly projecting pin 81 that is 

30 snap fit through a cylindrical sleeve 83 formed in the upper module housing 84 to 
pivotally attach the locking lever to the upper module housing, and includes an 
upwardly projecting locking tab 85 that functions to lock the module in its 
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operative position. As best seen from the expansion modules 22 and the smart 
module 26 in FIG. 5, when the locking lever 52 is in one rotary position, herein the 
left rotary position, the locking lever is "unlocked" while when the lever is in the 
counterclockwise rotary position to the right such as shown for the base module 
21, the lever is in the "locked" position as shown in FIG. 5A in detail. To 
frictionally retain the locking lever 52 in the "locked" and "unlocked" rotary 
positions, the underside of the locking lever has a small downwardly projecting 
nipple (not shown) that snap fits into corresponding recesses or dimples 87 in the 
upper module housing 84. 

As shown in FIG. 6, module insertion paths 37A - 37D lead to individual 
bays 19 that accommodate docking and electrically coupling of the expansion 
modules 22 and smart module 26 with the back plane circuit board 51 . In this 
instance, path 37A is reserved for the base module 21 and paths 37B and 37C 
are for expansion modules 22 and path 37D is for either another expansion 
module, or the smart module 26. Each of the modules, 21 , 22, and 26 electrically 
couples and interconnects with the backplane circuitry 51 via sets of conventional 
spring finger contacts 45 indicated in FIG's. 8 and 10 that electrically couple with 
complementary sets of conventional electrical contact pins 45A of the backplane 
circuitry 51 (see FIG. 5). Each module also includes output terminals 23, 27, and 
26, herein in the form of conductive screws, to which output wires to irrigation 
components such as valves and solenoids can be attached in a conventional 
manner. 

In this connection, the electrical contact pins 45A of the back plane circuitry 
51 are grouped in sets corresponding to the location of each bay 19 into which a 
module can be positioned. Herein, as seen in FIG's. 5 and 6, the electrical 
contact pin sets 45A for each bay 19 are carried on generally rectangular shaped 
tongues 51 A formed as part of the back plain circuit board 51 , and slide into 
complementary slots 45B (see FIG. 5A) in the front end of the housing 80 to 
make electrical contact with the corresponding set of spring finger contacts 45. It 
should be apparent that additional modules could be accommodated by the 
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addition of an expanded base unit 24 and its back plane 51 and number of bays 
19. To secure and retain the Base module 21, the expansion module(s) 22 and 
the smart module(s) 26 to the base unit 24, and to releasably retain the modules 
in position, the module insertion paths 37A - 37D are partially covered by the 
backplane cover 50 as seen in FIG. 6, such that the modules can be slid into the 
module insertion paths 37A - 37D and into the bays 19 to be coupled to the 
backplane circuit board 51, as best shown in FIG. 5. 

To properly position and guide the modules 21, 22, and 26 into the bays 
19, each module includes longitudinal recesses (not shown) formed along the 
bottom of the lower module housing 82 that can mate with upstanding guide rails 
30 formed on the bottom wall of the rear cabinet portion as seen in FIG. 6. Once 
the module is inserted into the bay 19, the user indexes the locking lever 52 from 
the unlocked to the locked position. In this instance, as best seen in FIG. 5A, the 
backplane cover 50 has a downwardly projecting wall 50A extending along the 
length of the forward edge, and which has openings 90 corresponding to the 
locations of the insertion paths 37A-37D, and through which the locking tabs 85 of 
the modules can move when the module locking lever 52 is in the "unlocked" 
position. When a module is fully inserted into one of the insertion paths 37A - 
37D, the locking lever 52 is then rotated counterclockwise which causes the 
locking tab 85 to move out of alignment with the opening 90 and into abutting 
engagement with the rear side of the wall 50A adjacent the opening. With the tab 
85 abutting the wall 50A, the module is securely locked in position, and cannot be 
pulled out of the controller unless the locking lever 52 is first rotated to align the 
locking tab with the opening 90. 

The base module 21 is responsible for the carrying out basic irrigation 
functions, such as turning on or off irrigation system valves (not shown here) 
which control the flow of water to the irrigation stations for the preset programmed 
duration. The presently preferred circuitry for the base module 21 is illustrated in 
FIG. 12. As can be seen, the base module circuit 21 includes a bus interface 
having input connections from the back plane circuit board 51 for controlling a 
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master valve and four individual station valves, and incorporates surge protection 
circuitry for lightning protection. Valve test circuitry is also provided to allow the 
user to assess the condition of the system. As best seen in FIG. 7, the base 
module 21 includes a number of conductive screws that serve as output terminals 
23 for connecting the module to irrigation station valves. Herein, the base module 
21 includes a plurality of station output terminals 23D - 23G (preferably four 
station output terminals), a 'hot post' terminal 23A (VT) to test the valves during 
installation, a terminal 23B for a master valve (MV) and a terminal 23C for a 
common wire terminal (COM). 

The expansion modules 22, which are generally identical to each other, 
enable a user to quickly and easily expand the capabilities of the controller 10 
functions without requiring the purchase of a new base unit 24. Each of the 
expansion modules 22 includes three station output terminals 27, herein in the 
form of conductive screws, as seen in FIG. 8, to which output wires to irrigation 
components such as valves and solenoids can be attached. 

Each expansion module 22 includes a microcontroller 22b (see FIG. 13) 
capable of communicating with the microcontroller 20c of the base unit 24. By 
using a micro-controller in the expansion module 22, the number of connections 
required is reduced, as well as space and cost. As illustrated in the circuit 
diagram of FIG. 13, the microcontroller 22b is capable of communicating with the 
control panel microcontroller 20c and controls the drivers and switches for the 
output stations. In the presently preferred embodiment, the microcontroller 22 b 
employed in the expansion module is an Atmel AT-TINY12L-4 microcontroller that 
provides communication to the base unit 24, thereby substantially reducing the 
number of connections between the module and the base unit 24 while at the 
same time handling the 'drivers' to the output stations. The basic Irrigation 
controller 10 of the present invention has no irrigation stations, but separate 
modules can be added later for a determined location, and to provide possible 
upgrade for a future improvement to the initial installation. 
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The microcontroller 22b in the expansion module 22 and the 
microcontroller 20c in the base unit 24 are mutually dependent upon each other in 
order to operate. The communication between the control panel microcontroller 
20c and the expansion modules 22 takes place through an asynchronous serial 
communication line, namely, COMMX. During the communication, data bits are 
transmitted in 100 (is intervals. In order to obtain a consistent time reference for 
data reception, bit marks are set at 100 jasec. Due to the fact that the control 
panel microcontroller 20c and the modules 21 and 22 are running 
asynchronously, each running on a separate clock, a bit jitter of 8.4 
microseconds, worst-case, could be realized. To guarantee the bit jitter not 
exceeding 8.4 microseconds, it is necessary that the control panel microcontroller 
20c disables any interrupts associated with any other interrupt functions, such as 
key actuation by a user, and only service the communication task at hand. Other 
functions and operations should not be affected adversely since the 
communication sequence lasts only for approximately half a millisecond per 
module. 

Preferably, the communication protocol consists of a negative start bit, 3 
data bits, and an active low acknowledge. The recognition of the start bit by the 
module prompts the module to read the station status bits near the center of each 
100 us bit mark. Upon completion of the status bits by the control panel 
microcontroller 20c, the control panel microcontroller releases the serial 
communication line and allows the module to acknowledge data reception by 
pulling down the serial communication line. 

The microcontroller 22b in the expansion module 22 looks at the received 
data which contains information about which irrigation stations attached to this 
module should be activated or deactivated. The microcontroller 22b must receive 
three consecutive messages with identical information before it actually makes a 
change to the irrigation station outputs. This provides a robust communication 
implementation whereby the irrigation stations do not erratically turn on or off 
under noisy data conditions. 
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The control panel microcontroller 20c sends irrigation station data to every 
expansion module 22 through the backplane circuitry 51 on a one second interval, 
thereby insuring that each microcontroller 22b in each expansion module 22 is 
refreshed with irrigation station data every one second. The microcontroller 22b 
in the expansion module 22 also includes a timeout mechanism. A timer inside 
the microcontroller 22b and an interrupt service routine in the microcontroller 
firmware is used to create a repetitive internal clock tick every few hundred 
microseconds, which in turn, increments a counter to keep track of seconds. This 
clock tick and counter is used to measure the interval time gap since the last valid 
communication packet received by the module microcontroller 22b from the 
control panel microcontroller 20c. If this time interval gap exceeds five seconds, 
the microcontroller 22b in the expansion module decides that a fatal 
communication failure has occurred and the microcontroller 22b deactivates all 
irrigation station outputs connected to itself. 

Each time that the control panel microcontroller 20c sends irrigation station 
data to an expansion module 22, the microcontroller 22b in the expansion module 
22 will respond with an acknowledge bit. This acknowledge bit is transmitted by 
the microcontroller 22b immediately after the receipt of the station status bits in 
the serial communication. If the control panel microcontroller 20c does not 
receive an acknowledge bit, this is an indication that a module is not installed in 
that specific path 37A-37D of the bay 19. After communicating with each 
connector in the bay 19, the control panel microcontroller 20c will know which 
paths have modules installed and which do not. The firmware of the control panel 
microcontroller 20c will correlate this information to determine which irrigation 
stations are effectively available to the irrigation program. If a user attempts to 
program an irrigation station that is not present, the firmware will alert the user by 
displaying a message such as "No Module". 

The spring finger contacts 45 of the expansion modules 22 mate with 
complementary contact pin sets 45a formed in the backplane circuitry 51, for 
example as is shown in FIG. 8. The backplane contact pins 45a carry power and 
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data signals, and are arranged as sets in a manner whereby the power signals 
establish a circuit connection prior to the data lines when the module is inserted 
into the bay. In this manner, the module's micro controller power will have 
stabilized before any voltage appears on the data lines. Stabilizing the power of 
5 the module's microcontroller before voltage is applied to the data lines prevents 
the microcontroller in the module from latching up or overloading its current 
ratings on its input/output pins. This allows the module to be removed from and 
inserted into the bay 19 without the need to first remove power from the 
remainder of the controller 10. This invention is novel in the industry as other 

10 modular irrigation controllers using microprocessors in their modules must first 
have their power removed before any modules can be removed or inserted. In 
addition, the firmware in the control panel microcontroller 20c is able to handle the 
dynamic appearance and disappearance of irrigation stations without the need to 
restart or reboot the firmware. This is made possible by having the firmware 

15 continuously verify if a module that corresponds to each irrigation station is 
installed. For stations that are detected as being not available, the firmware 
prohibits the user from enabling that station. In addition, it alerts the user that the 
station is unavailable by displaying a message such as "No Module". 

20 As shown in FIG's. 13 and 15, the set of spring finger contacts 45 for 

coupling the expansion modules 22 to the corresponding set of connector pins 
45A of the back plane 51 herein include two AC power line connections, an earth 
ground line connection, and a data communication signal line connection. The 
corresponding pin-out of the back plane circuit 51 is illustrated in FIG'S. 15 and17 

25 and the corresponding signals are as follows: 1 - EARTH GROUND, 2 - AC 

COM, 3 - AC HOT, and 4 - COMM-1 (or 2 or 3 depending on which bay 19 the 
module is positioned in and indicated in FIG. 13 as "COMM X"). 

The communication between the control panel microcontroller 20c and 
30 each of the expansion modules 22 and the smart modules 26 takes place through 
a serial communication line so that the particular module insertion path 37A - 37D 
into which an expansion or smart module is inserted makes no difference. Thus, 
if an expansion module in insertion path 37B malfunctions and needs to be 
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replaced, the removal of that module will have no effect on the operation of the 
remaining modules in insertion paths 37C and/or 37D. 

If the control panel Circuit 20b, illustrated in FIG. 18, detects the presence 
of one or more expansion modules 22, the Control panel microcontroller 20c 
assigns a default identity to each module and queries the module to identify its 
functionality. Once in communication, the expansion modules 22 work in concert 
with the control panel microcontroller 20c to carry out the programmed functions. 
For example, the expansion modules 22 can inform the base unit 24 of various 
conditions, such as temperature, humidity, rain gauge readings, moisture of the 
ground, etc. the base unit 24 also contains the basic irrigation schedules and is 
programmed to adjust irrigation schedules based on data received from the 
expansion modules 22. Although the expansion modules 22 enable the base unit 
24 to change to permit advanced functions such as adjusting for weather 
conditions, neither the expansion modules 22 nor the base Unit 24 can adjust or 
change themselves. 

Various smart modules 26 may be used to perform a variety of functions 
that expand the capabilities of the irrigation controller 10 beyond its basic 
irrigation functions. In this instance the smart module circuit shown in FIG. 14 
includes a microcontroller 22c that is of the same type as that employed in the 
expansion modules 22. This and other types of microcontrollers can be employed 
in the smart modules 22, and which could be used, for example, to perform such 
functions as being a latching solenoid module sending a DC pulse along a wire to 
a solenoid, a wireless module sending a signal to a valve, a decoder module 
interpreting a command from the controller 1 0 that indicates when a valve should 
turn on/off, an input module accepting inputs from sensors and providing 
information to the controller 10 about environmental condition, weather, etc., a 
feature module containing an extra feature such as cycle and soak, etc., an 
alarming module communicating fault conditions to a homeowner, an alarm 
company or alike, a fertigation module connecting an automatic fertilization 
system and allowing the irrigation controller 10 to automate fertilization, an 
evapotranspiration module receiving evapotranspiration data or weather 
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conditions and allowing the controller 10 to adjust irrigation accordingly, a 
communication module connecting the controller 10 to other communication 
channels and/or networks including the internet, etc. 

Like the expansion modules 22, the smart modules 26 have a set of 
conventional spring finger contacts 45 that mate with a corresponding set of 
conventional connector pins 45A of the backplane circuitry 51 . In this instance, 
as best seen in FIG's. 14 and 16, each smart module 26 includes an earth ground 
connection, two AC power line connections, and two data communication signal 
connections. As shown in FIG's. 16 and 17, the complementary set of connector 
pins 45A of the back plane circuit 51 for the smart module 26 (referred to as 
"Module 3" in FIG. 17) have pin-outs for the corresponding signals are as follows: 
1 - EARTH GROUND, 2 - AC COM, 3 - AC HOT, 4 - COMM-X, and 5 - COMM-4 

The smart modules 26 use a dedicated line, herein designated COMM4, to 
communicate their presence and identity to the control panel microcontroller 20c. 
This COMM4 connection is provided in the right-most slot 30D of the base unit 
24, so that a module inserted therein has access to this additional communication 
signal. Smart modules 26 can also utilize the asynchronous serial communication 
line, COMMX, in a similar manner to the expansion modules 22. In addition, if a 
Smart module 26 requires extended two-way communications with the base unit 
24, it can achieve that through a software-based communications protocol 
programmed into the microprocessor of the smart module 26 and that of the base 
unit 24. Moreover, if desired, the backplane circuit board 51 can be modified to 
include additional bays 19 for receiving additional smart modules 26 simply by 
adding bays with a COMM - 4 communication line for two-way communication 
with the control panel microcontroller 20c and/or by adding COMM - 4 lines to 
one or more of the bays 19 in which expansion modules 22 are mounted. 

Notably, the expandable architecture modular design allows the 
communication between the smart modules 26 and the base unit 24 such that all 
smart functions are carried out in the smart modules 26 rather than the base unit 
24. The smart modules 26, herein having circuitry as shown in FIG. 14, allow the 
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abilities of the base unit 24 to be upgraded to include new and different functions 
without requiring the replacement of the base unit 24. For example, the smart 
modules 26 provide flexibility by allowing the base unit 24 to interface with an 
outside user, such as a home security company, to alert the outside user if a 
sprinkler is not working. The smart modules 26 may be programmed so as to 
provide an alert that there is a bad solenoid because a valve did not activate. In 
the case of automatic fertilization, the smart modules 26 could interface with a, 
homeowner, gardener, etc. to provide an update on conditions. 

To guard against the failure of the control panel microcontroller 20c, a 
mechanism is in place that allows both the expansion modules 22 and the smart 
modules 26 to be aware of such failures. The control panel microcontroller 20c 
communicates with the modules on a frequent basis. This allows a module to 
detect the loss of communication. In effect, this action is similar to that of a 
watchdog timer. While the control panel microcontroller 20c is active, the 
expansion modules 22 execute the commands as received in real time from the 
control panel microcontroller 20c. However, should there be a communication 
gap greater than expected, the expansion modules' microcontrollers 22b interpret 
this as a control panel microcontroller 20c failure and immediately shut down any 
watering activities or other functions until the watchdog conditions have been 
properly restored. For each command sent to the expansion modules 22, the 
expansion modules 22 respond with an acknowledgment. Absence of this 
acknowledgment informs the control panel microcontroller 20c that the module 
has suffered a hardware or software failure. Notably, it makes no difference into 
which bay 19 an expansion module 22 is positioned, nor to which of the output 
terminals 27 irrigation station wires are connected. The microcontroller 20c of the 
control panel 20 monitors the bays 19 for the presence or absence of expansion 
modules 22, and cooperates with the microcontrollers 22b of the expansion 
modules to send control signals only to those irrigation stations detected. In this 
manner, there is no requirement that any particular bay 19 include an expansion 
module 26, thus allowing the user to add or remove modules in random order, 
even while the controller 10 is on and active. 
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In addition to the normal irrigation program set, labeled A,B & C and stored 
in non-volatile EEPROM 44, the Controller 10 also contains a contractor's default 
program set. This contractor's default program set is stored at a separate location 
in non-volatile EEPROM 44. Irrigation programs for A,B & C are entered through 
5 the User Interface 29. A menu choice is available to store this set of irrigation 

programs into the EEPROM 44 as a contractor's default program set. Thereafter, 
the user may make changes to the programs A, B & C without concern about 
making irrigation program mistakes since there is a backup copy. In addition, a 
knowledgeable irrigation expert can enter a set of programs and store them as the 

10 contractor's default program set. A menu choice is available to recall the 

contractor's default program set from the EEPROM 44 and replace the normal 
irrigation program set A,B & C. This allows the user to quickly and easily restore a 
known working irrigation schedule. Other irrigation controllers in the industry have 
a set of factory defaults with fixed program settings, but do not have the ability to 

15 store and recall a set of irrigation programs customized for each individual site. 

The above-described embodiments of the present invention are for 
illustration only and not limiting. It will thus be apparent to those skilled in the art 
that various changes and modifications may be made without departing from the 
20 spirit and scope of the invention as defined in the appended claims. 
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